AGING to axons and the support structures [1] . However, the opportunities for activity and full restitution remain limited [8] .
Deep vein thrombosis (DVT) is a common and fatal complication during the first 2 weeks after SCI, accompanied with increased incidence and mortality [9] [10] . A previous study has demonstrated that, the risk of DVT in SCI patients would be significantly raised, with an adjusted hazard ratio (HR) of 2.46-fold [11] . Miranda et al. [12] reported that DVT was related to motor nonfunctional paralysis. However, no effective intervention or prevention has been reported [12] . Therefore, the research and development of DVT accompanied with SCI would be urgently required.
The progressive neurodegeneration was resulted from persistent neuroinflammation after SCI [13] . The role of inflammation in pathogenesis of DVT had been proposed [14] [15] . Macrophage migration inhibitory factor (MIF) has been suggested as a regulator of innate immunity. The functions of MIF in different acute and chronic inflammatory conditions as well as vascular pathology have been suggested [16] [17] . Interestingly, one study found that the level of plasma MIF was increased in chronic SCI [18] . To date, no study has been performed on the associations between blood levels of MIF and risk of DVT in SCI patients. Our study was aimed to explore whether higher MIF levels could be a biomarker for predicting the increased risk of DVT in acute SCI patients.
RESULTS

Basic characteristics of patients
Finally, 207 SCI patients were included, including 74.9% (155/207) males, with the median age of 53(IQR, 37-62) years. In this study, a history of vein thrombosis was found in 45 patients (21.7%).
The ASIA scores were assessed at admission, including 51 cases of grade A, 41 cases of grade B, 38 cases of grade C, and 77 cases of grade D. 121 (58.5%) and 133(64.3%) patients suffered from cervical cord injuries and spinal fractures, respectively. The most common etiology of SCI was traffic accidents (46.4%), which followed as falls (31.4%). The median time was 16.0 (IQR, 9.0-21.5) hours from injury onset to blood collection. Before the diagnosis of DVT, no patient was treated with low-molecularweight heparin as prophylactic antithrombotic therapy. Basic characteristics of SCI patients with or without DVT were listed (Table 1) .
Main results
Thirty-nine patients (18.8 %; 95% CI: 13.5 %-24.2 %) were defined as DVT at the follow-up of 1 month. Before the screen, 9 of the 39 patients (23.1 %) were suspected of thrombosis. As showed in the Table 2 , the age of patients with DVT were older, who suffered from higher frequencies of vein thrombosis higher, higher initial SCI severity and higher plasma D-dimer and CRP. In addition, patients with DVT had higher levels of IL-6.
The MIF level in SCI patients was higher compared to that of in controls (22.1; IQR [17.4-27.8 ] ng/ml vs.15.0 [11.2-20 .1] ng/ml; P<0.001). The MIF levels were related with CRP (r=0.144, P=0.038) and IL-6 (r=0.228, P=0.001), while no relationship between MIF levels and sex, or age (P>0.05) was observed. A negative association between plasma MIF levels and SCI severity based on the ASIA score (r =−0.193, P=0.009) was showed. As shown in the Figure 1 , MIF levels in plasma of patients with grade A (25.8; IQR, 21.4-32.2 ng/ml) were higher (P=0.002) than in grade B, (21.1; 17.1-26.5 ng/ml; P=0.017), grade C (20.5; 17.4-25.2 ng/ml; P=0.034) and grade D (21.5; 16.5-27.1 ng/ml).
As shown in the Figure 2 , the levels of MIF were also higher (P<0.001) in 39 patients developed DVT, than those of in DVT-free patients (27.2[22.3-32.5 ] ng/ml vs. 21.1 [16.8-25.8 ] ng/ml; Z=4.381). As shown in the Figure 3 , the risk of DVT was gradually elevated with increased quartiles of MIF. The risk of DVT according to MIF quartiles was ranged from 5.8 % (first quartile, Q1) to 32.7 % (fourth quartile, Q4) (P < 0.001).
ORs of MIF was calculated as risk indicators to predict DVT in univariate logistic regression analysis, and then it was compared with the established risk factors. For each additional 1 ng/ml of MIF, the risk of DVT was increased by 11% (OR unadjusted : 1.11; 95% CI, 1.06-1.17, P<0.001) and 8% (OR adjusted : 1.08; 1.03-1.14, P=0.001), respectively. There were also other significant DVT predictors, including age, vein thrombosis history, clinical complications, rehabilitation therapy, plasma CRP, D-dimer and IL-6. Multivariate analysis was applied to further explore the association between MIF and DVT. We estimated the OR adjusted (95% CIs) of DVT according to quartiles of MIF (lowest quartile as the reference). As shown in the 
AGING
DISCUSSION
People with SCI would always suffer from severe physical disabilities. Secondary to the direct impairment to spinal cord, patients with SCI would develop various complications, including multiple organ dysfunction or failure [19] . MIF has been an important cytokine, which activate in innate immunity and inflammatory responses. It was relevant with pathophysiology of SCI [20] [21] and vascular disease [22] . This study had investigated the association between MIF plasma levels and DVT risk in SCI patients. The research findings were as follows: (1) plasma MIF levels were elevated in SCI patients compared to that of in normal controls; (2) MIF levels in plasma were related to SCI severity based on ASIA; (3) higher plasma MIF were related to elevated risk of DVT in the follow-up of 1 month, for each additional 1ng/mL of MIF, the DVT risk before and after adjustment was increased by 11% and 8%, respectively; (4) MIF plasma levels at admission may be significant in predicting DVT of SCI patients.
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Further, the reported incidence rate of DVT varied, ranged from 10% to 30% [23] . A previous study in Chinese patients with DVT found that 20.2% patients experienced DVT in the following 3-month after SCI [24] . Consistent with those results, our study showed that 18.8% of the SCI patients were determined as DVT in the follow-up of 1-month. Similarly, another study reported that 19.7% (55/279) of patients were diagnosed as DVT in the follow-up of 15 days [10] . However, a hospital-based retrospective epidemiological study (N=1340) from Guangdong, China showed that only 3.6% of the SCI patients suffered from DVT [25] . That mean that about 80% of the DVT patients were not diagnosed. Similarly, in this study, only 23.1% of the patients were suspected of thrombosis before the screened. Therefore, it's very meaningful for us to routinely screen for DVT in patients with SCI.
The low-grade chronic inflammatory state following SCI has been common, which was characterized by upgraded circulating proinflammatory mediators [26] [27] . The significantly elevated levels of MIF were observed in SCI patients, both in our study and others [21] . The hypothalamic pituitary-adrenal axis was activated in SCI, thus improving MIF production by the pituitary gland [28] . Furthermore, highest levels of circulating inflammatory mediators were reported in acute SCI patients classified as ASIA grade A [29] . Similarly, we also showed that MIF levels were highest in acute SCI patients classified as ASIA grade A. Another study reported that high inflammatory indicators were positively associated with injury severity, which could be applied as outcome predictors [21] .
The mechanism for the effects of MIF on DVT has not been clarified. The possible mechanism might be involved in inflammatory reaction. Acute inflammation might activate in thrombosis, and vascular biology [30] . The circulation of immune cells and pro-inflammatory mediators may be enhanced by SCI, thus activating the AGING systemic inflammatory responses [19] . MIF is a multifunction cytokine participated in various immune and inflammatory processes. MIF, a pro-inflammatory cytokine, could bring out numerous pro-inflammatory molecules [31] . In a study performed on rat with traumatic spinal cord, the release of inflammatory mediators from astrocytes would be activated by MIF [32] . High levels of MIF would be endocytosed and then bind to Jab1, thus regulating cell growth and inflammation by binding to c-Jun and AP-1 [33] . ERK/MAPK would be transiently activated by MIF/Jab1 complexes in Src-dependent manner [34] , which may be due to the noxious peripheral stimuli [35] .
There were some limitations should be considered. First, information on the patients was limited, especially the factors affecting the MIF levels were not available, such as the infections or other complications. Further, the blood samples were collected at different time period. Second, the MIF level was only measured at admission after the SCI, while the pre-injury conditions could not be accurately reflected. In addition, the MIF was detected in plasma instead of cerebral spinal fluid (CSF), which may be not consistent with the conditions in the central nervous system. Third, patients who died in the follow-up were excluded. Those patients might also suffer from DVT, which lead to an underestimate. Fourth, the causal relationship could not be concluded with such observational study design. Interestingly, a previous study suggested the potential MIF inhibition in SCI [20] . Lastly, the subject number was limited in this study (N=207), which was come from one hospital. Thus, the conclusion in this study may not be generalized. In addition, this study was lack of parallel assessment of hypothalamicpituitary-adrenal (HPA) axis functions and there was no information on MIF gene expression. The inflammatory diseases could be influenced by the polymorphisms in the promoter region of the MIF gene [36] .
METHODS
Study population
During January 2015 and September 2018, the patients hospitalized with acute SCI in Emergency Department of Affiliated Hospital of Nanjing University of Chinese Medicine were enrolled. The SCI was identified with both clinical and radiographic results. The exclusion criteria: (1) malignant tumor; (2) previously diagnosed with vein thrombosis or other coagulation disorder; (3) liver or renal insufficiency; (4) any contraindications on heparin; (5) no informed consent, incomplete medical records or uncertain diagnosis and survival period less than 1 months; (6) less than 18 years; (7) non-acute SCI, traumatic brain injury (TBI) and severe abdominal trauma.
In addition, 100 age-and gender-matched volunteers without SCI were included as healthy controls. The study protocol was ratified by the ethics committee of Nanjing University of Chinese Medicine and performed per the rules of Helsinki Declaration. All included subjects signed the written informed consent before their participations in this study.
Patient characteristics and DVT assessment
The basic information of patients was collected, including the age and sex, smoking history, and underlying diseases (hypertension, type 2 diabetes mellitus, cardiovascular disease and history of vein thrombosis). Furthermore, time of injury, cause of injury (traffic accidents, falls, sports and violence, and others), level of injury (cervical injury, thoracic injury and lumbar injury), severity of injury, combined fractures (spinal fractures, brain injuries and others), surgical history, hyperbaric oxygen therapy, rehabilitation therapy, clinical complications during the follow-up (pulmonary infection, urinary tract infection, bedsore, electrolyte disturbance, digestive system disease and others), and so on. At admission, SCI severity was evaluated with American Spinal Injury Association impairment scale (ASIA; A-D) score [37] , which was assessed individually by two trained personnel through a structured interview with patients or closest relatives.
The DVT assessment was performed with color doppler ultrasonography (CDUS) on the SCI patients, regardless of existing symptoms. The real time B-mode ultrasonography was used to checked common femoral vein and the popliteal vein of patients. CDUS was used at 15, 21 and 30 days after injury, as well as whenever clinically requested. For patients show symptoms after checking, lower limb mechanical compression would be applied to prevent DVT, with external sequential pneumatic compression or elastic stockings [10] .
Clinical indicators
Fasting blood of all the patients was collected on the morning of the first day after the admission. The plasma was obtained by centrifuge at 1000 × g for 10 min and stored at -80°C. Plasma levels of MIF were tested by enzyme-linked immunosorbent assay kit (Catalog no. DMF00B; R&D Systems, Inc. Minneapolis, USA), with a measurement range of 2 ng/ml-100 ng/ml. The coefficients of variation (CV) for indicating the intraassay and inter-assay were 6.0 %, 9.0 % and 4.5 %, 8.0 % at 1 ng/ml and 10ng/ml, respectively. Furthermore, the levels of plasma glucose, C-reactive protein (CRP), D-dimer, interleukin 6 (IL-6) were also detected with conventional established laboratory tests.
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Statistics
The discrete variable was expressed in the percentage or frequency, continuous variable was expressed in the medians (interquartile range, IQR). The comparison between groups was performed with chi-squared test or Mann-Whitney U-test. Bivariate correlation was performed with Spearman's Rank correlation. The effects of plasma MIF level on DVT were performed with binary logistic regression analysis (univariate and multivariate). The confounding factors were assessed and adjusted, expressed as adjusted odds ratio (OR) with 95% confidence interval (CI). The effects of elevated MIF levels on DVT risk was further estimated by MIF quartiles (lowest MIF quartile as the reference). The MIF level ≥ third quartile (Q3) was considered as elevated MIF. The receiver operating characteristic curve (ROC) was used and the area under ROC (AUROC) was performed for determining the cut-off points [38] . The logistic regression was used to evaluate the model of MIF combined with or without established risk factor (Ddimer) for predicting DVT risk. Lastly, difference between the model containing D-dimer (combined model II) and the model containing both D-dimer and MIF (combined model III) was also tested. All statistical analysis was performed with SPSS (version 22.0), with P < 0.05 defined as statistical significance.
CONCLUSIONS
In summary, this study proposed that, for patients with SCI, the high MIF levels in plasma were associated with increased risk of DVT in the 1-month follow-up. Thus, MIF may be significant in identifying the risk of DVT in SCI patients and providing timely intervention. Further studies should be performed to clarify the mechanism between MIF levels and DVT risk, which may assist on proposing a new therapeutic strategy.
